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UHODWLRQ)LJ














)LJ)RUFHWRGHIRUPDWLRQUHODWLRQ
)LQDO IDLOXUH RI WKH MRLQW DSSHDUHG LQ JDQJ QDLO SODWH ZKLFK VKRZHG XS WKH VKHDU VORSH )LJ *UDSK )LJ 
GHVFULELQJ ORDGLQJ SURFHVV KDV DOPRVW OLQHDU VKDSH VLPLODU WR VWUHVVVWUDLQ GLDJUDPRI VWHHO 7KH IDLOXUH DSSHDUHG
DIWHUH[FHVVRIVKHDUORDGEHDULQJFDSDFLW\RIWKHVWHHOSODWHVE\ORDGIRUFHN1
7KHUHZDVQRREVHUYDWLRQRIFRQFUHWHIDLOXUH([FHSWIRUWKHILUVWFUDFNWKHUHZDVQRIDLOXUHLQWLPEHUSDUWWRR


)LJ6ORSHRIJDQJQDLO
437 Petr Agel et al. /  Procedia Engineering  65 ( 2013 )  434 – 439 
7HVWSURFHVVRQWKHVDPSOHVZLWKWKLQSODWHWKLFNQHVVPPDQGFRQYH[QDLOVPPLQGLDPHWHULVGLVSOD\HGRQ
WKHJUDSKLQ)LJ
7KHUHZDV IRXQG D GLIIHUHQW W\SH RI IDLOXUH WKDQ LQ WKH SUHYLRXV FDVH 7KXV WKH IDLOXUH GLDJUDP KDV GLIIHUHQW
VKDSH
7KHWKLQSODWHVVWD\HGXQKDUPHGEXWWKHQDLOVGHIRUPDWLRQLVREYLRXV6KLIWRISODWHVWRWLPEHUEHDPLVHYLGHQWHYHQ
RQWKHSKRWRLQ)LJZKHUHOLJKWHUOD\HURIZRRGLVYLVLEOHZKLFKZDVRULJLQDOO\FRYHUHGE\WKLQSODWH7KLQSODWHV
DQGFRQFUHWHVKRZQRIDLOXUH


)LJ6KDSHRIWKLQSODWH
438   Petr Agel et al. /  Procedia Engineering  65 ( 2013 )  434 – 439 

)LJ'HIRUPDWLRQJUDSKRI%VDPSOH
7KHORDGEHDULQJFDSDFLW\RIIRXUWKLQSODWHVZDVFDOFXODWHGE\UHODWLRQEHORZ

N15EWIQ)
0
NX
GY 



    J     
7KH VKHDU ORDG EHDULQJ FDSDFLW\ RI MRLQWV WLPEHUWKLQ SODWH RI JURXS RI  FRQYH[ QDLOV LVPXFK ORZHU LW LV
)YG N1 FDOFXODWLRQ LQ)LJ  >@7KHGHVLJQ ORDGEHDULQJ FDSDFLW\ LQ ORFDO FRPSUHVVLRQRI FRQFUHWH LV
)YG N1>@7KHZHDNHVWHOHPHQWRIWKHMRLQWLQWKLVH[DPSOHLVWKHJURXSRIQDLOVZKLFKZDVYHULILHGE\WKH
WHVWV
7DEOH&DOFXODWLRQRIVKHDUVWUHQJWKRIJURXSRIQDLOV
7DEOH&DOFXDOWLRQRIVKHDUVWUHQJWKRIJURXSRIQDLOV
,QSXWYDOXHV &DOFXODWHGYDOXHV /RDGEHDULQJFDSDFLW\RIMRLQW
G>PP@  )KN>1PP@     D>N1@ 7RWDOUHVXOW
)XN>1PP@  0\UN>N1P@      
Į>GHJ@  N  )Y5N   PLQ  N1
Į>UDG@  QSFV      
ȡ>NJP@       E>N1@ 
W>PP@        
&RQFOXVLRQ
$FFRUGLQJWRWHVWUHVXOWVWKHFDOFXODWHGIRUFHLQIDLOXUHRIWKH%VDPSOHLVFRUUHFW7KHVDPSOH%KDGORZHUVKHDU
ORDGEHDULQJFDSDFLW\WKDQVDPSOH77KLVIDFWZDVFDXVHGE\ ORZQXPEHURIQDLOV LQWKHMRLQW7RPDNHWKHMRLQW
PRUHULJLGLWLVSRVVLEOHWRLQFUHDVHWKHDPRXQWRIQDLOVRUWKHDPRXQWRIVWHHOSODWHV
439 Petr Agel et al. /  Procedia Engineering  65 ( 2013 )  434 – 439 
9DULDELOLW\ LQ QXPEHU RI QDLOV VHHPV WR EH DGYDQWDJH DJDLQVW XVLQJ JDQJQDLOV ,W DORZHV
WRVXLWWKHMRLQWVWRUHTXLUHPHQWVRIFRPSRVLWHFRQVWUXFWLRQ
7KH HOHPHQWV RI FRPSRVLWH WLPEHU FRQFUHWH EHDP ZRRG DQG FRQFUHWH DW OHDVW DQG UHVXOWLQJ FRPSRVLWH EHDP
KDYH ELJ VFDOH RI PHFKDQLFDO FKDUDFWHULVWLFV 7KLV LV WKH UHDVRQ ZK\ WKH SUREDELOLVWLF GHVLJQ DQG DQDO\VLV ORRN
SHUVSHFWLYH>@>@
1H[WUHVHDUFKIRFXVRQWKHMRLQWZLWKWKLQSODWHDQGFRQYH[QDLOVVKRXOGEHPDJGHRQEHDPVZLWKUHDOGLPHQVLRQV
EHDPV7KHF\FOLFORDGWHVWLQJVHHPVWREHXVHIXOIRUWKHVHW\SHRIFRPSRVLWHVWRR
$FNQRZOHGJHPHQW
7KLVSDSHUKDVEHHQDFKLHYHGZLWKWKHILQDQFLDOVXSSRUWRIWKH0LQLVWU\RI(GXFDWLRQVSHFLILFDOO\E\WKH6WXGHQW
5HVHDUFK *UDQW &RPSHWLWLRQ RI WKH 7HFKQLFDO 8QLYHUVLW\ RI 2VWUDYD XQGHU LGHQWLILFDWLRQ QXPEHU 63
 

ȏͳȐǤǤǡ    Ǧ Ǥ       ǡ  ͳͻͻ͵ǡ  ͳͲͻǤ
ͳͳǡǤ͵ͳͳͳǦ͵ͳ͵ͲǡǣͲ͹͵͵ͻͶͶͷǤ
>@$0DQDULGLV(YDOXDWLRQRIWLPEHUFRQFUHWHFRPSRVLWHIORRUV/XQG/XQG8QLYHUVLWHWSS,661
>@%.RåHORXK&RQFUHWH VWUXFWXUHVDFFRUGLQJ WR(XURFRGH6WHSVWHG3UDKD ,QIRUDPWLRQFHQWHUý.$,7SS ,6%1

>@$/RNDM.9DYUXãRYi(5\NDORYi$SSOLFDWLRQRIODERUDWRU\WHVWVUHVXOWVRIGRZHOMRLQWVLQFHPHQWVSOLQWHUERDUGV9(/2;LQWRWKHIXOO\
SUREDELOLVWLF PHWKRGV 6%5$ PHWKRG ,Q $SSOLHG 0HFKDQLFV DQG 0DWHULDOV   YROXPH  1XPEHU  SS 
,661
>@ (6WHLQEHUJ56HOOH7)DXVW&RQQHFWRUVIRU WLPEHUOLJKWZHLJKWFRQFUHWHFRPSRVLWHVWUXFWXUHV-RXUQDORIVWUXFWXUDOHQJLQHHULQJ$6&(
9ROXPHQXPEHUSS,661
>@ $03* 'LDV 605 /RSHV -:*9DQ GH .XLOHQ +03 &UX] /RDGFDUU\LQJ FDSDFLW\ RI WLPEHUFRQFUHWH MRLQWV ZLWK 'RZHOW\SH
IDVWHQHUV-RXUQDORIVWUXFWXUDOHQJLQHHULQJ$6&(YROXPH1XPEHUSS,661
>@3-DQDV0.UHMVD9.UHMVD6WUXFWXUDOUHOLDELOLW\DVVHVVPHQWXVLQJDGLUHFWGHWHUPLQHGSUREDELOLVWLFFDOFXODWLRQ,Q3URFHHGLQJVRIWKHWK
,QWHUQDWLRQDO&RQIHUHQFH RQ&LYLO 6WUXFWXUDO DQG(QYLURQPHQWDO(QJLQHHULQJ&RPSXWLQJ )XQFKDO0DGHLUD  6HSWHPEHU ,6%1

>@ $/RNDM30DUHN6LPXODWLRQEDVHG5HOLDELOLW\$VVHVVPHQWRI7LPEHU6WUXFWXUHV,Q3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ
&LYLO6WUXFWXUDODQG(QYLURQPHQWDO(QJLQHHULQJ&RPSXWLQJ)XQFKDO0DGHLUD6HSWHPEHU,6%1
